Background Stress has been hypothesised to be involved in obesity development, also in children. More research is needed into the role of lifestyle factors in this association. Purpose This study investigates the cross-sectional relationship between stress and body composition and, more importantly, the possible moderating or mediating role of lifestyle factors. Methods A total of 355 Belgian children (5-10 years old) participating in the baseline 'Children's Body composition and Stress' survey were included in this study. The following variables were studied: psychosocial stress (i.e. stressful events, emotions and behavioural/emotional problems, salivary cortisol), stress-related lifestyle factors (high-caloric snack consumption frequency, screen exposure time and sleep duration) and body composition parameters [BMI z-score, waist to height ratio (WHtR)]. Using linear regression analyses (adjusted for sex, age and socio-economic status), the relation between stress and body composition and, more importantly, the possible moderating or mediating role of lifestyle factors was tested.
Introduction
The prevalence of childhood obesity significantly increased during the last decades with currently around 110 million overweight and obese children worldwide [1, 2] . Excessive caloric intake, insufficient physical activity and sleep deprivation are major lifestyle factors involved in the development of childhood obesity [3] . Moreover, a wide array of other-genetic and environmental-factors have been shown to be involved in the development of obesity; a recently identified potential predictor of overweight is chronic stress in children [4, 5] .
Although children are not always recognized as being susceptible to stress, chronic exposure to stressful situations in children's school-, family-or interpersonal environment (further defined as 'psychosocial stress') is not uncommon and may adversely affect their physiological and psychological health [6] [7] [8] . Of special concern is the combined increase in the prevalence of childhood stress with the prevalence of psychosomatic complaints [9] , behavioural or mental health problems [10] and obesity in children [5] .
The relationship between psychosocial stress and childhood obesity has been described both cross-sectionally and longitudinally and is hypothesized to result from direct and indirect pathways. Firstly, direct metabolic changes (such as increased visceral fat disposition and a stimulation of appetite) are mainly caused by a dysregulation of the stress system and the production of stress hormones (mainly cortisol and catecholamine) [4, 11] . Secondly, stress may indirectly influence the development of obesity due to behavioural pathways such as maladaptive coping behaviours leading to emotional eating, inactivity and disordered sleep [12] [13] [14] [15] [16] [17] , possibly mediating this stress-obesity relationship [4, 18] . However, there is a need for more focused scientific research into the mechanisms linking psychosocial stress to appetite regulation, energy balance and body composition in humans and more importantly in children, as children may be particularly vulnerable to the effects of chronic alterations in cortisol secretion influencing brain development, and in the endocrine and metabolic systems.
This cross-sectional study examines the association between psychosocial stress and body composition in young children (5-10 years old). As it is recently hypothesized that psychosocial stress may promote the consumption of socalled comfort foods (rich in sugar and fat), a decreased amount of physical activity and disordered sleep [14, 16, 17, 19] , this study will also contribute to an unexplored domain by investigating to what extent this stress-obesity association is moderated or mediated by diet (high-caloric snacking), sedentary lifestyle (screen exposure time) or sleep (duration) in young children. A particular contribution of this study lies within its stress assessment methodology, using both questionnaires and salivary cortisol measurements.
Methodology

Study Participants
Children's Body Composition and Stress (ChiBS), a national study embedded within the European Identification and prevention of Dietary-and lifestyle-induced health EFfects In Children and infants study (IDEFICS) carried out in 2007-2008 [20] , investigates the association between chronic psychosocial stress and changing body composition in children over a 2-year follow-up period (2010-2012; Aalter, Belgium) [21] . Participants were elementary school children aged 5-10 years. Their parents were asked to sign a consent form in which the option was offered to participate in the full ChiBS baseline programme or in a selected set of measurement modules, resulting in distinct participation numbers for the different measurement modules, as presented in Fig. 1 .
Analyses in this study were limited to children with complete information for the stress-related lifestyle parameters (N =355) as full information on these parameters was necessary to perform the moderator and mediator analyses. This sample of 355 children however additionally decreased in number depending on the studied stress and body composition variable in analyses, as presented in Fig. 1 . No differences were observed between the included children and children with missing data on age, stress measures and body composition measurements (parametric and non-parametric T test; data not shown). The ChiBS project was conducted according to the guidelines laid down in the Declaration of Helsinki and was approved by the Ethics Committee of the Ghent University Hospital. More detailed research goals, methodology and participation characteristics were described elsewhere [21] .
Anthropometric Examinations
Physical examinations were performed according to the standardized procedures of the IDEFICS study [20, 22, 23] . Weight and height were measured in bare feet and light underwear with an electronic scale (TANITA BC 420 SMA, TANITA Europe GmbH, Sindelfingen, Germany) and a stadiometer (Seca 225, SECA GmbH & Co. KG., Hamburg, Germany) to the nearest 0.1 kg and 0.1 cm, respectively. Ageand sex-specific body mass index (BMI) z-scores were calculated according to the method from Cole [24] . The waist to height ratio (WHtR) was calculated as an indicator of central body fat to investigate central adiposity [25, 26] .
Stress Parameters
To cover the complete aspect of stress, not only emotions but also behaviour was examined by questionnaires. Furthermore, salivary cortisol was used as an objective stress biomarker.
Coddington Life Events Scale (Child-Reported)
The Coddington Life Events Scale for children (CLES-C) is a validated and well-established 36-item questionnaire which assesses the frequency and timing of stressful life events relevant for this age group during the last year. By measuring significant life events in terms of Life Change Units (LCUs), the CLES-C can provide insight into recent events that may be affecting the child's health [27, 28] . For this study, the negative life events score was calculated for the previous 6 months.
Basic Emotions (Child-Reported)
As environmental stressors are interpreted by people in relation to own values which may affect the stress response, we additionally included questions on the child's emotional state [29] [30] [31] . Children were asked to report on their recent (described as "lately") feelings of anger, anxiety, sadness and happiness on a 0 to 10 multipoint Likert scale (0 'not at all' to 10 'very strong') in the context of affective responsiveness analogous to a study of Zimmer-Gembeck [32] .
Strengths and Difficulties Questionnaire (Parent-Reported)
Parents were asked to complete the standardized 'Strengths and Difficulties Questionnaire' [33] , reporting children's behavioural and emotional problems over the past 6 months. For each of the 20 statements, parents could answer: 'not true' (0), 'somewhat true' (1) and 'certainly true' (2), after which the statements were divided in four subscales by summing the scores of the relevant items: peer problems, conduct problems, emotional problems and prosocial behaviour. Higher scores on the prosocial behaviour subscale reflect strengths, whereas higher scores on the other three subscales reflect difficulties [34] .
Salivary Cortisol Analysis
Saliva was collected into Salivette synthetic swabs specifically designed for cortisol analysis (Sarstedt, Germany). The participating children were asked to collect saliva during two consecutive weekdays at four time points: immediately on awakening (T0), 30 min after waking up (T30), 60 min after waking up (T60) and in the evening between 7 and 9 pm (Tev). Apart from single-point cortisol concentrations, also summary variables have been calculated to represent two cortisol patterns over time: the cortisol awakening response and the diurnal decline. To represent the cortisol awakening response, the area under the curve with respect to the ground (AUCg) was calculated as the total area under the curve between T0 and T60. The diurnal cortisol decline was investigated as the concentration of T0 minus Tev, divided by the number of hours between these sampling periods, with a more positive decline representing a steeper decline [35, 36] . Higher cortisol levels and a steeper diurnal decline have been related to more stress in our population [35, 36] . Detailed methodology and descriptive results were published elsewhere [37] .
Stress-Related Lifestyle Parameters
Information on the children's diet, sedentary behaviour and sleep was collected by a parental-reported questionnaire embedded in the IDEFICS project.
Consumption Frequency of High-Caloric Snacks
The Children's Eating Habits Questionnaire-Food Frequency Questionnaire (CEHQ-FFQ) is a screening instrument to investigate food consumption frequencies associated with overweight, obesity and general health in children, including in total 43 food items [38] . Parents were asked to report the child's consumption frequency of selected food items in a typical week during the preceding 4 weeks. Frequencies of consumption were assessed without quantifying portion sizes, and the frequency categories were converted to consumption frequency per week. The following response options were used: 'never/less than once a week' (0), 'one to three times a week' (2), 'four to six times a week' (5), 'one time per day' (7), 'two times per day' (14) , 'three times per day' (21), 'four or more times per day' (30) or 'I have no idea'. To identify dietary patterns related to stress, a 'high-caloric snack' food index was calculated by summing up the consumption frequencies of the following food items: chocolate and chocolate bars, candies, biscuits, cake, ice cream, chips and savoury pastries. Also, in additional analyses soft drinks were included.
Sleep Duration and Screen Exposure Time
Parents reported the typical hours of bedtime and getting up in the morning for weekdays, from which the child's sleep duration during the week was calculated. The number of screen time hours (e.g. television and computer time) were also reported by the parents, and used as a measure of sedentary behaviour in the analyses.
Other Variables
Parental education level was categorized according to the International Standard Classification of Education (ISCED) [39] . The maximal ISCED level of the parents was studied and further categorized in two levels of education (low/-medium vs. high), with ISCED levels 0-4 being defined as low/medium education, and level 5 being defined as high education (=tertiary education).
Statistical Analysis
Analyses were performed using PASW Statistical Program version 19.0 (SPSS Inc, IBM, IL, USA). The two-sided level of significance was set at p<0.05. Data were presented by their median and interquartile range to handle nonnormally distributed data. The difference between boys and girls was examined for continuous variables (independent samples T test and Mann-Whitney U test for normally distributed data and skewed data, respectively) and for categorical variables (Pearson Chi-square test). The association between stress and body composition was analysed using linear regression analyses. All regression analyses were adjusted for sex, age and parental education as sex and age are significantly associated with body composition measures (age, ß=0.204, p<0.001 and ß=−0.282, p<0.001 for BMI and WHtR, respectively; sex, ß = 0.093, p = 0.077 and ß=0.125, p=0.015 for BMI and WHtR, respectively) and parental education is a known factor in influencing children's lifestyle and behaviour Analyses were only analysed for girls and boys separately if a significant sex interaction factor was present. The distributions of WHtR, high-caloric snack frequency, screen time and sleep duration were skewed and were therefore logarithmically transformed. The regression residuals were normally distributed.
A first set of regressions tested the direct and indirect association between stress (predictor variable) and body composition (outcome variable) and examined the mediating role of lifestyle parameters, as well as sex differences in this association. Mediation was tested according to Baron and Kenny [40] . In doing this, the significant reduction of the association between the stress parameter (independent variable) and body composition (dependent variable) after controlling for lifestyle (mediator) was tested non-parametrically by bootstrapping (using 10,000 samples) [41] .
A second set of regressions tested moderation by sex and lifestyle parameters in the association between stress and body composition. According to literature, moderation was tested by including an interaction factor [42] . In those regressions, continuous parameters were transformed in z-scores and the categorical sex variable was effect coded (−1 and 1 for boys and girls, respectively). A p<0.10 was used as indicator for moderation as the power to detect interaction effects is lower than for main effects [42, 43] . If significant, visual representation was done by plotting predicted outcome values (based on the non-standardised coefficients) for three representative groups of the moderator: those at the mean, at one SD below the mean and one SD above the mean. Statistical interpretation was done by testing the significance of the stress predictor for the two groups: for sex, this was boys and girls; for the continuous moderator (the lifestyle parameters), two groups were created based on a median split. Table 1 describes the studied anthropometrical, stress and lifestyle parameters for the participating boys and girls separately. Boys and girls did not differ for the studied parameters, except for (1) conduct problems, which were significantly higher in boys; (2) prosocial behaviour which was significantly higher in girls and (3) BMI categories of which the overweight and obese category was significantly more prevalent in girls.
Results
Participant Characteristics
Stress-Body Composition Association and Its Mediation by Stress-Related Lifestyle Parameters
The association between stress and body composition was studied directly and indirectly through the possible mediating role of stress-related lifestyle parameters. Table 2 presents the significant results of the linear regression models investigating the association between stress and body composition, with and without adjustment for the studied lifestyle factors. The adjusted linear regression models were repeated with another snack index, i.e. including soft drinks, and resulted in similar results as described below (data not shown). Neither a direct nor an indirect association was observed between the following stress parameters and body composition: anger, anxiety, sadness, conduct problems, emotional problems, prosocial behaviour, salivary awakening cortisol, salivary AUCg cortisol and salivary decline (data not shown). However, a positive association (both directly (unadjusted βs) and independently (adjusted βs)) was shown for children's BMI z-score and WHtR with the negative events score for the past 6 months, while an inverse association was seen with happiness ( Table 2) . A sex interaction was only observed in the association between peer problems and WHtR: this association was only significant in girls (Table 2 and Fig. 2) .
After correction for screen time (in the association between peer problems and WHtR in girls) and after correction for high-caloric snack index (in the association between negative events 0-6 m and BMI z-score), the stress-body composition association was no longer significant (data not shown), indicating a possible mediating role of these lifestyle factors. However, bootstrapping showed that the stress-overweight association was not significantly reduced after correction for these lifestyle factors [indirect confidence interval (−0.0002; 0.0015) and (−0.0004; 0.0012), respectively], demonstrating that these lifestyle factors do not mediate the stress-obesity association and that stress may be an independent risk factor for obesity.
Moderation by Stress-Related Lifestyle Factors
The studied lifestyle parameters were also tested as moderators in the association between stress and body composition, as graphically presented in Fig. 3 . All lifestyle parameters were found to moderate one or more of the stress-body composition associations.
More specifically, the positive association between stress (negative events, cortisol morning levels and cortisol decline) and body composition (BMI and WHtR) was strengthened by unhealthy behaviour (high-caloric snack frequency, high screen time, low sleep duration), e.g. stress as presented by a large amount of negative events was highly related to a higher BMI z-score in the presence of the unhealthy behaviour of high-caloric snack intake frequency (similar results for snack intake including soft drinks), while almost no association between stress and body composition was found for the healthy behaviour of low snack intake frequency (see Fig. 3c ). Nevertheless, the sleep moderation for sadness was reversed: a positive association between stress and body composition was only seen in children with high sleep duration.
Discussion
This study examined the cross-sectional association between psychosocial stress and body composition in young Figures show the stress-body composition relation for boys and girls and for stress levels equal to the mean, one standard deviation above the mean (=high) or one standard deviation below the mean (=low).
The significance value of the interaction term for sex-stress in the relation with body composition is given. If the stress-body composition relation was significant in one of the sexes, those significance and bèta values are also given children and investigated the role of high-caloric snacking, sleep and screen time as lifestyle factors mediating or moderating this association. The main findings of this study were (1) the observed positive association between stress, mainly negative life events, and body composition measures in a direct way, i.e. higher levels of stress were independently associated with increased BMI z-scores or WHtR; (2) the lack of mediation effects for the studied lifestyle factors (i.e. the lifestyle factors did not account for the observed stress-body composition association) and (3) the observation of some moderation: the stress-body composition association was strengthened by the most unhealthy lifestyle patterns (i.e. highest screen time, highest snack consumption or lowest sleep duration).
To our knowledge, this study was the first examining the association between stress and body composition in young children by using multiple stress measures, standardized body composition measurements and by incorporating stress-related lifestyle factors. That is why comparisons of our findings with observations from similar studies were limited. Nevertheless, our general findings on stress-body composition are in agreement with previous studies indicating an association between stress and obesity/body composition in children: Gundersen et al. [5] concluded that in all studies on psychosocial stress and childhood obesity, at least one measure of stress was associated with obesity. Also in our study, not all stress measures related to each of the body composition measures: (1) Only negative life events, happiness and peer problems (the latter only in girls) related to BMI z-scores and WHtR; while in the moderation analyses also other stress measures (such as the cortisol measures) were related; (2) No direct significant association was observed between cortisol and body composition, indicating the importance of child-reported stress measures in the stress-body composition association. These observations could point to specificity in the stress-body composition association (i.e. unique, specific relation between a particular risk factor and outcome) [44] . However, our study was not designed to study specificity in the stress-body composition association. Figures show the stress-body composition relation for moderator (sleep duration, high-caloric snack frequency and screen time) and stress levels equal to the mean, one standard deviation above the mean (=high) or one standard deviation below the mean (=low). The significance value of the interaction term for lifestyle-stress is given. If the stress-body composition relation was significant in one of the two subgroups of the moderator (groups with score above or below the mean of the lifestyle factor), those significance and bèta values are also given More importantly, in our study both overall (BMI zscore) and central (WHtR) obesity parameters were related to stress parameters (i.e. life events, happiness and peer problems). Stress has been shown to predominantly stimulate abdominal accumulation of fat since the glucocorticoid receptors (by which cortisol exerts its fat deposition effect) have a high density in the abdominal fat [11] . A final specificity in the relation was seen with sex in only one relation, i.e. a significant relation between peer problems and WHtR in girls only. Also previously, sex differences in the stress-related hormonal pathways have been shown [11] . A possible explanation in this preadolescent population could be a sex difference in children's experiences of peer interactions as it has recently been reviewed that girls are more sensitive to their friendship status and to receiving higher levels of emotional provisions in their friendships [45] . Indeed, sex has been mentioned as a possible moderator on stress and mental health in children [18] .
Another research aim was to examine possible underlying pathways in this stress-body composition association. From a physiological point of view, we expected that the association between stress and body composition would operate through the energy balance, i.e. through influencing energy intake (e.g. high-caloric snack consumption) or energy expenditure (e.g. screen time). In previous research, the lifestyle factors diet, activity/sedentary lifestyle and sleep have been related to stress and more consistently to childhood obesity [12, 13, 15, 16, 46] . Testing moderating or mediating effects of lifestyle in the association between stress or mental health with obesity is a largely unexplored domain [4, 18] . In a recent review, low physical activity and an unhealthy diet were mentioned as mediators for the effect of mental health on obesity, while sleep was hypothesised as a mediator in the effect of obesity on mental health. This review also proposed physical activity as mediator regarding the impact of mental health on children's obesity, but not a mediating effect for the other lifestyle factors [18] . In a recent stress-obesity study examining all mentioned lifestyle factors in adolescents, stress was related to general and central adiposity, an unhealthier diet and a shorter sleep duration on weekdays, but they found no mediating effect of these lifestyle factors on the stress-obesity relation [47] , which is in line with our study: no mediating effects of high-caloric snacking, screen time and sleep duration were observed. This may either point to the importance of nonbehavioural pathways in the development of overweight/-obesity (e.g. stress-induced hormonal changes causing increased fat deposition), or this may be explained by (1) the cross-sectional design of this study potentially not allowing to observe mediation pathways, or to (2) methodological limitations in the chosen lifestyle variables.
Although the studied lifestyle factors have not been observed as mediators, they acted as moderators of the stressbody composition association. In literature, we have indeed found studies showing e.g. children's physical activity as moderator in the association between stress and overweight or metabolic risk [46, 48] . Consequently, children with an unhealthier lifestyle could be more vulnerable for stressinduced overweight or, vice versa, a healthy life style could be a buffer for the effects of stress on adiposity. Especially in the presence of high consumption frequency of highcaloric snacks, the positive association between stress and body composition was strengthened in our study. To a lesser degree, this was also seen for sleep duration and sedentary behaviour. On the contrary, a moderating effect of sleep on the association between sadness and overweight was observed in an unexpected direction, i.e. the stress-body composition association was strengthened in children with a long sleep duration, which is surprising since in particular sleep deprivation has been associated with obesity. Although we have no clear explanation for this finding, it is possible that children feeling sad have the need to sleep longer. Last, it is assumed that lifestyle may be the underlying mechanism in the stress-obesity association, although from another perspective it is possible that psychosocial stress is clustered with the exposure to an unhealthy lifestyle (e.g. low SES and unhealthy diet patterns), and thereby both have an impact on obesity.
Strengths and Limitations
To our knowledge, this study was the first to examine the association between stress and body composition in young children by using more than one stress measure (stressor questionnaires, salivary cortisol) and standardized measurements of body composition and by considering more than one stress-related lifestyle factor, which are the main strong methodological features of this study. Some limitations should however be considered when interpreting the results. Firstly, we acknowledge the cross-sectional design of this study to be its largest weakness in not allowing to study causality. However, as the ChiBS project progresses, the association between stress and changes in body composition will be further investigated on a longitudinal basis. Also, the directionality of the association between mental health and body composition could be different for youth and adults [49] . Secondly, the performed anthropometric examinations (BMI and WHtR) are proxy indicators of body adiposity and thus inferior to direct measures of adiposity such as DEXA scanning or air displacement plethysmography technology (BODPOD®). BODPOD measurements were performed in the ChiBS project but resulted in a smaller sample size compared to the routine anthropometric measurements (BMI and WHtR) because of the additional effort asked from parents in transporting their children to another survey center where the BODPOD was located. Therefore, we chose to perform analyses with BMI and WHtR to maximize the sample size and power of analyses. Thirdly, a reporting bias in the parent-reported lifestyle parameters (parents may have the tendency to give the morally right answer or may inaccurately estimate their child's lifestyle behaviour) and in the child-reported stress questionnaires (i.e. CLES and basic emotions) cannot be excluded, as a result of which reversed causation may be possible. Concerning the studied lifestyle parameters, methodologically more profound measurements were available in the ChiBS project such as accelerometry/actigraphy for physical activity and sleep quality, but were not applied in this study because of power issues (i.e. low sample sizes). In this context, it should be noted that the measurement of sleep duration covers the numbers of hours spent in bed and not necessarily the amount of sleep. Next, the CEHQ-FFQ did not include portion sizes, and therefore, no energy intake could be calculated [50] . As a result, it may not be the most accurate instrument to assess stress-related dietary habits. Nevertheless, using a FFQ has the advantage of showing the habitual diet as dietary recalls can be biased by exceptional days. Lastly, as the participating children were characterized by a high socio-economic background, we may have missed stronger associations between stress and body composition in lower socio-economic environments. However, no additional selection bias was introduced by including only those children with complete information for the studied variables (as discussed in the "Methodology" Section).
Conclusion
Children's stress level, characterized by negative life events, happiness and peer problems, was associated with overall and central adiposity. Lifestyle factors (i.e. high-caloric snacking, screen time and sleep duration) did not mediate this relationship, although they were shown to intervene as moderators. Consequently, an unhealthy lifestyle may make children more prone to stress-induced changes in body composition or, vice versa, a healthy lifestyle may attenuate the effects of stress on adiposity. When framing these results in a public health perspective, it may be recommended to screen for the presence of psychosocial stress (especially negative life events and happiness) and to incorporate education on stress management in obesity prevention programs. Moreover, the moderating effects of lifestyle factors put stress into a new perspective and indicate the importance of multi-factorial obesity prevention programs by focusing concurrently on several lifestyle factors.
